Introduction {#Sec1}
============

Crohn's disease (CD) is a chronic inflammatory intestinal disease that is characterized by a disabling course. To date, there is no curative treatment for CD. However, treatment options have become more diverse in recent years, as evidenced by the clinical application of anti-cytokine therapy, including tumor necrosis factor alpha (TNF-α) inhibitor \[[@CR1]\]. Anti-TNF-α antibodies, such as infliximab (IFX) and adalimumab, are useful for inducing CD remission and are the most effective medical treatments currently available. These drugs are also used to maintain remission, and improvement of long-term clinical outcomes of CD has been demonstrated \[[@CR2], [@CR3]\]. However, it is also well known that some patients do not respond to IFX treatment or produce antibodies against IFX, which decreases IFX efficacy \[[@CR4], [@CR5]\]. For these IFX-resistant cases, clinicians must shorten the interval of IFX administration, increase the dose, or replace IFX with adalimumab. The concomitant use of immunomodulators (IMMs) is considered to be an effective option for increasing the therapeutic effect of IFX \[[@CR6]\], but serious complications, such as hepatosplenic T cell lymphoma, have been reported with IFX and IMM combination therapy \[[@CR7]\]. In contrast to IMMs, enteral nutrition (EN) has a highly favorable safety profile, and a number of studies have demonstrated that EN can improve CD through mechanisms that differ from those of other therapies \[[@CR8]--[@CR11]\]. Although EN is often used for pediatric CD patients \[[@CR12], [@CR13]\], randomized, controlled trials have demonstrated that EN is also effective as maintenance therapy in adult CD patients \[[@CR14], [@CR15]\]. Therefore, we conducted a retrospective study to determine whether the addition of EN improves the maintenance of remission induced by IFX.

Materials and Methods {#Sec2}
=====================

Seven medical institutions in Japan (Fukuoka University Chikushi Hospital, Kyushu University Hospital, Fukuoka University Hospital, Miyazaki University Hospital, Nagasaki University Hospital, Takano Hospital, and Imamura Hospital) participated in this multicenter cohort study.

Adult CD patients who were diagnosed at these hospitals and had started IFX therapy between April 2003 and March 2008 and who met the following inclusion criteria were enrolled: (1) remission after treatment with 5 mg/kg IFX at weeks 0, 2, and 6, followed by IFX maintenance therapy every 8 weeks; (2) medical records that allowed retrospective evaluation of subjective symptoms, drug use, and laboratory data for a follow-up period of at least 1 year. Since this was a retrospective study, it was not possible to calculate the CD activity index (CDAI) for all subjects. Therefore, the definition of remission was based on the results of C-reactive protein (CRP) evaluation. All patients underwent blood tests, including CRP, before the start of IFX treatment, at the start of treatment, and after the administration of IFX at weeks 2, 6, and 14. Patients were considered to have achieved remission if they had a CRP level of \<0.3 mg/dL \[[@CR16]\] between 6 and 14 weeks after treatment initiation. Recurrence was evaluated based on the patient's medical records and CRP values. The definition of recurrence was CD-related hospitalization, additional treatment, an IFX administration interval shortened to \<4 weeks, and recurrence of increased blood CRP level (to ≥1.5 mg/dL). The shortened IFX administration interval was set at ≤4 weeks because it was administered after 6 weeks in three patients who did not have a "loss of response" for patient-related reasons.

Takagi et al. \[[@CR14]\] reported that a "half elemental diet (ED)" was useful as maintenance therapy for CD patients, and the dosage for the half ED group per day in their study was 900--1,200 kcal/day. Therefore, in our study we defined patients who had received \>900 kcal/day EN as the EN group, and those who had received \<900 kcal/day EN or no EN at all as the non-EN group. In Japan, EN corresponds to a healthcare act, and a prescription given by a physician is required for treatment. The doses of EN in this study were investigated and confirmed retrospectively from prescriptions in patients' medical records, but we did not consider the type of EN or the administration route (oral or nasal). Patients' characteristics and the cumulative remission rates were compared between the two groups, and the risk factors for recurrence were evaluated using multivariate analysis.

Statistical Analysis {#Sec3}
--------------------

Statistical analysis was performed using JMP ver. 8 (SAS Institute, Cary, NC). Patients' characteristics were compared using the chi-square, Fisher's exact, and Student's *t* tests. The cumulative remission rate was estimated using the Kaplan--Meier method and compared using the log-rank test. Risk factors for recurrence were evaluated by multivariate analysis using a Cox proportional hazards model. In all statistical analyses, the significance level was set at 0.05.

Results {#Sec4}
=======

Patient Groups {#Sec5}
--------------

The medical records of 133 CD patients who had undergone IFX maintenance therapy were reviewed. Twenty-one patients who did not fulfill the remission criteria (CRP \<0.3 mg/dL after IFX triple infusion) were excluded from the study (non-responders). An additional seven patients were excluded due to insufficient follow-up periods, and three were excluded because of an atypical IFX administration schedule in weeks 0, 2, 6, and 14. Ultimately, 102 CD patients were included in the analysis. Because this was a retrospective study, physicians at each institution decided upon the kind of combination therapy with IFX without a confirmed rule. Up until the present time, EN has been widely used as maintenance therapy for CD patients in Japan. As a result, 45 of 102 patients (44 %) were in the EN group, and 57 (56 %) were in the non-EN group. The mean EN intake in the EN group was 1,233 ± 62 kcal/day. Of the 57 patients in the non-EN group, 24 ingested \<900 kcal/day, with a mean intake of 535 ± 32 kcal/day. The prescribed enteral supplement was Elental in 63 % of patients; the other 37 % had a semi-ED or low residual diet.

Patients' Characteristics {#Sec6}
-------------------------

Of the 102 patients, 78 (75 %) were male and 28 (27.5 %) were smokers. Table [1](#Tab1){ref-type="table"} shows the characteristics of the two groups. Patients were significantly older in the EN group than in the non-EN group (*P* = 0.03). The frequency of perianal lesions was not significantly different between the two groups, and perianal abscess was seen in only two patients in the EN group and two patients in the non-EN group. The incidence of intestinal stenosis was also significantly higher in the EN group (*P* = 0.05). There was no significant difference in the percentage of patients who received prednisolone or azathioprine. No other characteristics differed significantly between the two groups.Table 1Patients' demographic characteristics at the time of achieving remission after the start of infliximab therapyDemographic characteristicsEN group^a^ (*n* = 45)Non-EN group^a^ (*n* = 57)*P* value^b^Age (mean ± SE)35.7 ± 1.531.2 ± 1.30.03Gender (male/female)35/1042/150.63Smoker,*n* (yes/no)9/3620/370.13Previous operation,*n* (yes/no)23/2220/370.1Disease location,*n*  Ileum119  Colon480.45  Ileum and colon3040Perianal lesion (yes/no)28/1737/200.78Enterocutaneous fistula (yes/no)13/3214/430.62Internal fistula (yes/no)6/393/540.13Intestinal stricture (yes/no)23/2219/380.05Concurrent medications,*n* (yes/no)  Predonisone6/398/490.92    Predonisone (mg/day)^c^10.0 ± 1.810.8 ± 2.50.79  Azathioprine14/3113/440.46    Azathioprine (mg/kg/day)^c^0.88 ± 0.060.83 ± 0.070.56^a^*EN* Enteral nutrition. EN group comprised patients who had received \>900 kcal/day EN. Non-En group comprised patients who had received \<900 kcal/day EN or not had EN at all^b^Student's *t* test was used for comparison of the mean, and the chi-square or Fisher's exact test was used for comparison of frequencies. Age (*P* = 0.03) and the incidence of intestinal stenosis (*P* = 0.05) were higher in the EN group than in the non-EN group^c^Mean ± standard error (SE) of only those patients who received medication

Cumulative Remission Rate {#Sec7}
-------------------------

The average follow-up period was 544.1 ± 26.5 days and did not differ significantly between the two groups (525.3 ± 45.1 vs. 558.9 ± 31.3 days for the EN vs. non-EN group, respectively). The cumulative remission rate was significantly higher in the EN group than in the non-EN group (Fig. [1](#Fig1){ref-type="fig"}). Of the 45 patients in the EN group, 14 (31.1 %) had recurrence during the follow-up period. The determination of recurrence in these patients was based on increased CRP level (11 patients) and shortened IFX administration interval (3 patients). In comparison, 33 of the 57 patients (57.8 %) in the non-EN group had recurrence based on increased CRP level (28 patients) and shortened IFX administration interval (5 patients).Fig. 1The cumulative remission rate of the enteral nutrition (*EN*) group and non-EN group determined using the Kaplan--Meier method. The cumulative remission rate was significantly higher in the EN group (*blue line*) than in the non-EN group (*red line*) (*P* = 0.009)

Based on these results, risk factors for recurrence were evaluated by multivariate analysis. This analysis was performed for various characteristics, disease location, disease behavior, and concomitant drugs using the Cox proportional hazards model. The only independent significant risk factor for recurrence was the intake of \>900 kcal/day EN. The multivariate hazard ratio (HR) was 0.423, with a 95 % confidence interval (CI) of 0.21--0.83 (Table [2](#Tab2){ref-type="table"}).Table 2Multivariate analysis of risk factors for recurrence^a^Demographic/clinical risk factorsMultivariate hazard ratio (HR)95 % Confidence interval (CI)*P* valueEN (≥900 kcal/day)0.430.21--0.830.01Age (years)1.890.34--9.790.46Gender (male/female)1.930.97--3.790.06Smoking status (yes/no)1.020.47--2.110.97Disease location (ileum, colon, ileum and colon)1.180.79--1.850.43Perianal lesion (yes/no)1.40.72--2.830.33Intestinal stricture (yes/no)10.48--2.060.99Enterocutaneous fistula (yes/no)1.290.60--2.670.51Operation history (yes/no)0.760.37--1.520.43Steroid use (yes/no)1.020.99--1.040.12Immunomodulator use (yes/no)0.620.28--1.280.2^a^The multivariate analysis revealed that ingestion of \>900 kcal/day EN was the only factor significantly associated with decreased risk of recurrence (HR 0.43, 95 %CI 0.21--0.83, *P* = 0.01)

Two patients in the EN group (4.4 %) and two patients in the non-EN group (3.5 %) required surgery, with no significant difference between these two groups (*P* = 0.58).

Safety Profile {#Sec8}
--------------

Adverse reactions were observed in eight patients during IFX maintenance therapy; five reported mild infusion reactions (2 in the EN group and 3 in the non-EN group), and three had infection (all in the non-EN group). All patients improved after conservative therapy. There were no serious adverse reactions that required hospitalization or discontinuation of IFX treatment.

Discussion {#Sec9}
==========

Crohn's disease is associated with recurrences and remissions, and patients often require intestinal resection due to complications, such as intestinal stenosis and fistula formation, during the long-term course of the disease \[[@CR17], [@CR18]\]. Quality of life is compromised in many patients due to frequent intestinal resection or long-term concomitant prednisolone therapy. However, the advent of new treatment methods, especially anti-cytokine therapy, such as TNF-α inhibitors, has greatly changed CD treatment options. Even patients who are resistant to conventional treatment can show a higher remission rate after anti-cytokine therapy, which is also effective for the maintenance of remission \[[@CR1]--[@CR3]\]. In Japan, IFX for CD treatment was introduced in 2002 and has been widely used since then. However, loss of efficacy is observed in some patients during maintenance therapy after they have responded to treatment and achieved remission \[[@CR4], [@CR5]\]. This is the well-known phenomenon of loss of response and is considered to be mainly due to decreased blood drug concentrations caused by the presence of anti-IFX antibodies \[[@CR19]\]. In a review of 16 studies, loss of response to infliximab was seen in 37 % of all CD patients \[[@CR20]\]; the follow-up period in each study differed, but when the length of time is taken into account, loss of response was 13 % per patient-year \[[@CR20]\]. For these patients with a loss of response to IFX, treatment options include shortening the interval of IFX administration, increasing the dose, or replacing IFX with adalimumab. However, patients often still do not respond sufficiently even after such measures are taken. This has led to the use of combination therapies with IFX aimed at preventing loss of response to the drug. Among such combination therapies, IMMs are reported to be the most effective \[[@CR6]\]. However, the risks and benefits of combination therapy with IFX and IMMs remain controversial, and no consensus has been yet reached because severe complications, such as hepatosplenic T cell lymphoma, have been reported \[[@CR7]\].

EN is effective for the treatment of CD and has been used as a first-line treatment for remission induction in pediatric CD \[[@CR12], [@CR13]\]. EN is also able to maintain remission in adult CD patients \[[@CR21]\]. Randomized, controlled trials have demonstrated that an ED consisting of half the necessary calories effectively maintains remission \[[@CR14]\]. EN prevents not only active naïve lesions of CD, but also postoperative recurrence of the disease \[[@CR22]\]. Tanaka et al. reported that concomitant EN therapy is also effective after triple infusions of IFX \[[@CR23]\]. The preventive effect is considered to be associated with the anti-inflammatory effect \[[@CR8]\], activity related to mucosal cytokines \[[@CR9]\], correction of gut permeability \[[@CR10]\], and modification of gut flora \[[@CR11]\]. In our study, we focused on the maintenance of remission with EN and assessed its usefulness, especially when used in combination with IFX. To exclude those patients who did not respond to the initial treatment, 102 CD patients who were confirmed to have achieved remission were followed up using data retrieved from their medical records. With an average follow-up period of 544.1 ± 26.5 days, the cumulative remission rate was significantly higher in the EN group than in the non-EN group (*P* = 0.009). Multivariate analysis showed that the use of EN was the only factor that was significantly associated with disease recurrence. These findings suggest that EN combined with IFX improves the remission effect of IFX. EN has a favorable safety profile due to its non-pharmaceutical properties, suggesting that it might be a good alternative to IMMs in IFX combination therapy. However, in order to continue EN therapy at the necessary dose for a long time, it is important to address issues regarding treatment compliance. Nutrients used for an ED have a particular amino acid taste, which makes it difficult for some patients to take large amounts of EN, leading to poor compliance. Several issues, including the taste of EN, should be resolved to facilitate long-term EN treatment for the maintenance of CD remission.

This study had several limitations related to its retrospective nature. First, the results may have been biased because there were differences in the patients' characteristics between the EN and non-EN groups. Intestinal stenosis was significantly more common in the EN group than in the non-EN group. Symptoms of intestinal stenosis were to some degree reduced with EN. In the EN group, the amount of dietary intake decreased because of symptoms of stenosis, as a result of which it was possible to increase the amount of EN. Instances of high-level symptoms of stenosis were seen in some patients when CD was not active, but generally intestinal stenosis often co-exists with advanced lesions and is thought to be a risk factor for recurrence. Therefore, the presence of intestinal stenosis did not decrease recurrence in the EN group and was unlikely to have exerted a major effect on the results of our investigation. In addition, while the difference was not significant, there were more smokers in the non-EN group than in the EN group. In addition, smoking is known to have a negative effect on the course of CD \[[@CR24], [@CR25]\]. This was not a large study, and smoking or non-smoking could have had some effect on the results. Furthermore, remission and recurrence could not be defined using the CDAI, which is generally used to measure disease activity. In particular, because we defined remission according to the CRP level, no subjective and objective manifestations were reflected. The results might have been different if remission and recurrence were defined using the CDAI. However, other studies have suggested that CRP correlates well with clinical activity and with endoscopic and histological findings \[[@CR26]\] and that simple determination based on the CRP level and the erythrocyte sedimentation rate can be used as a short-term prognostic index \[[@CR27]\]. In a cohort study, Schnitzler et al. used methods similar to those used in our study to evaluate biological activity \[[@CR16]\]. Also, evidence of a good correlation between responsiveness to IFX and CRP was reported in recent large-scale trials \[[@CR28], [@CR29]\]. There is room for discussion about whether CRP accurately reflects activity to the same degree as CDAI. However, in our retrospective study, recurrence was defined using CRP, which could be evaluated, and the need for further hospitalization, additional treatment, and shortened IFX infusion interval were added as additional criteria. Thus, clinically, the definition was quite strict.

Some CD patients cannot be managed by IFX or other TNF-α inhibitor therapy alone. EN can be used safely and improves the therapeutic effect of IFX through a mechanism different from that of IMMs. The results of our study confirm that EN in combination with IFX therapy is effective for remission maintenance. Yamamoto et al. \[[@CR30]\] conducted a single-center prospective study to investigate the usefulness of combined EN and IFX maintenance therapy and found no such benefit of EN. The sample size of their study was small, and the follow-up period was also short compared to our study, which may account for the different results. To determine the usefulness of EN in combination with IFX maintenance therapy, a large-scale, multicenter, randomized, controlled trial is necessary.
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